Abstract. We classify all F M m,n -natural operators
A Y is the canonical exchange isomorphism [5] , [1] . The correspondence
A is the F M m,n -natural operator in question.
To give the next such example we need some preparation. Let Γ : Y → J 2 Y be a second order connection on Y → M with first order underly-
Y be the second order semi-holonomic Ehresmann prolongation of Γ 0 and C (2) : J 2 Y → J 2 Y be the well-known symmetrization of second order semiholonomic jets [4] , [3] . Then (Γ 0 ) 
The main result of the paper is the following classification theorem.
, where Γ 0 is the underlying first order connection of the second order connection Γ :
In Proposition 3, we prove that the vector space (over R) of all F M m,n -natural operators
Then Theorem 1 follows by a dimension argument.
Finite order.
We start the proof of Theorem 1 from the following proposition.
Proof. (See also the proof of Proposition 3 in [6] .) This follows from the proof of Proposition 23.7 in [5] , which can be generalized to our situation in the following way. Let
. Fix some r ∈ N and choose a = b −r , 0 < b < 1 arbitrary. Hence for every multiindex α = α 1 + α 2 , where α 1 includes all the derivatives with respect to the base coordinates while α 2 those with respect to the fibre coordinates, and for every second order general connection Γ on R m,n ,
, and so for all |α| ≤ r we get
where
2. An underlying connection. Given a second order general connec-
Let Γ be a second order general connection on R m,n . We will study (D(Γ ))
We fix an arbitrary w as above. By Proposition 1, E is of finite order q. So, we can assume that y j α • Γ is a polynomial of degree q for any j, α as above, i.e. y are real numbers determined by Γ . Moreover, we have y
We identify Γ with (Γ j α,β,̺ ). Using the invariance of D with respect to the base homotheties t id R m × id R n we obtain the homogeneity conditions 
To prove Proposition 3 we need some lemmas. Let x i , y j , y j α and v l be as in the proof of Proposition 2. We can of course assume that the v l are obtained as follows. We choose a basis a 1 , . . . , a K of A over R. Let (a 1 , 0, . . . , 0), . . . , (a K , 0, . . . , 0), (0, a K+1 , 0, . . . , 0) , . . . , (0, . . . , 0, a nK ) be the corresponding basis of A n . Then v l , l = 1, . . . , dim A n , is the basis dual to the last one. Let E be an F M m,n -natural operator transforming second order connections Γ on Y → M into tensor fields
We denote the order of E by q (q is finite by Proposition 1).
Proof. This is an immediate consequence of the invariance of E with respect to charts.
Using the invariance of E with respect to F M m,n -maps of the form ϕ × id R n for linear isomorphisms ϕ : R m → R m , we have We identify Γ with (Γ j α,β,̺ ). Using the invariance of E with respect to the base homotheties (
Then by the homogeneous function theorem we can write
for some uniquely determined real numbers a smoothly depending on w) , where the first sum is over all j = 1, . . . , n and all ̺ ∈ (N ∪ {0}) n with |̺| ≤ q, the second sum is over all j = 1, . . . , n and all ̺ ∈ (N ∪ {0}) n with |̺| ≤ q − 1 and the third sum is over all (
n with |̺ 1 | ≤ q and |̺ 2 | ≤ q (here ≤ means an ordering). Of course (2, 0, . . . , 0), (1, 0, . . . , 0) 
Proof. This is obvious in view of the previous lemma.
Lemma 5. We have a 
where {e j } is the canonical basis in R n . Then
This implies the formulas.) Then
Hence a 
Then by ( * ) we have
because of the invariance of E, u 0 , w and v l with respect to ψ.
Then by ( * ), Φ 
